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(54) IRON-BASED PERMANENT MAGNET AND MANUFACTURING METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the bulk density of an iron- 
based permanent magnet. 

SOLUTION: A molten alloy expressed by the compositional formula of 
(Fe1-mTm)100-x-y-zQxRyMz ( where, T, Q, and R respectively denote 
one or more kinds of elements selected from among a group composed 
of Co and Ni, one or more kinds of elements selected from among a 
group composed of B and C, and one or more kinds of rare-earth metal 
elements substantially containing no La and Ce, M denotes a metal 
element selected from among a group composed of Ti ( Zr, and Hf, and 
10<x<20 atm.%, 6<y<10 atm.%, 0.1<z<12 atm.% and 0<m<0.5 atm.%, 
is prepared and quenched alloy powder is obtained by quenching the 
molten alloy. Then a bulky molded body is manufactured by heating 
and pressurizing the powder. 
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* notices * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] an empirical formula - 100(Fel-mTm)-x-y-zQxRyMz (one or more sorts of elements chosen from the group which T 
becomes from Co and nickel -) One or more sorts of elements chosen from the group which Q becomes from B and C, one or more 
sorts of rare earth metal elements with which R does not contain La and Ce substantially, M is the metallic element chosen from the 
group which consists of Ti, Zr, and Hf. It is expressed by at least one sort of metallic elements which surely contain Ti. The 
presentation ratio x, The iron machine permanent magnet with which the alloy powder with which y, z, and m are satisfied of 10< 
x<=20 atom %, y< 6 <=10 atom %, 0.1<=z<=12 atom %, and (X=m<=0.5, respectively was compressed into 90% or more of alloy 
true density. 

[Claim 2] Said alloy powder is an iron machine permanent magnet according to claim 1 which is the pulverized powder of the 
quenching alloy obtained by quenching the molten metal of an alloy by the melt spinning process or the strip cast method. 
[Claim 3] The particle size of said alloy powder is an iron machine permanent magnet according to claim 2 which is 500 micrometers 
or less. 

[Claim 4] Said alloy powder is an iron machine permanent magnet according to claim 1 which is powder with a particle size of 150 
micrometers or less obtained by quenching the molten metal of an alloy by the gas atomizing method. 

[Claim 5] The constituent particle of said alloy powder contains a hard magnetism phase and a soft magnetism phase, the average size 
of said hard magnetism phase has the average size of 1 Onm or more 300nm or less and said soft magnetism phase within the limits of 
lnm or more 1 OOnm or less, and it is an iron machine permanent magnet given in either of claims 1-4 with the larger average size of 
said hard magnetism phase than the average size of said soft magnetism phase. 

[Claim 6] Said soft magnetism phase is an iron machine permanent magnet according to claim 5 which exists in the grain boundary of 
said hard magnetism phase. 

[Claim 7] It is the iron machine permanent magnet according to claim 5 with which said hard magnetism phase consisted of R2Fel4B 
mold compound phases, and said R2Fel4B mold compound phase forms said 90% or less of whole alloy powder 60% or more at the 
rate of a volume ratio. 

[Claim 8] The iron machine permanent magnet according to claim 7 with which the R2Fel4B mold compound phase, the boride 
phase, and the alpha-Fe phase are intermingled in the same metal texture. 

[Claim 9] Said boride phase is an iron machine permanent magnet containing ferromagnetic iron machine boride according to claim 8. 
[Claim 10] Said iron machine boride is an iron machine permanent magnet according to claim 9 characterized by including Fe3B 
and/or Fe23 B6. 

[Claim 1 1] An iron machine permanent magnet given in either of claims 1-10 whose presentation ratios y of said R are below 9.0 atom 
%. 

[Claim 12] An iron machine permanent magnet given in either of claims 6-11 to which the iron machine boride phase more detailed 
than said R2Fel4B mold compound phase and/or the alpha-Fe phase exist in the grain boundary or subgrain boundary of said R2T14B 
mold compound phase. 

[Claim 13] Said alloy powder is an iron machine permanent magnet given in either of claims 1-12 which contain powder with a 
particle size of 53 micrometers or less more than 10 mass %. 

[Claim 14] Said alloy powder is an iron machine permanent magnet given in either of claims 1-13 which contain powder with a 
particle size of 38 micrometers or less more than 5 mass %. 

[Claim 15] An iron machine permanent magnet given in either of claims 1 -14 which have the magnetic anisotropy. 
[Claim 16] An iron machine permanent magnet given in either of claims 1-15 to which surface treatment is performed. 
[Claim 1 7] Said surface treatment is an iron machine permanent magnet according to claim 1 6 which is a vapor plating. 
[Claim 1 8] Said surface treatment is an iron machine permanent magnet according to claim 1 6 which is wet plating. 
[Claim 1 9] Said surface treatment is an iron machine permanent magnet according to claim 1 6 which is resin paint. 
[Claim 20] Said surface treatment is an iron machine permanent magnet according to claim 16 which is chemical conversion. 
[Claim 21] an empirical formula - 100(Fel-mTm)-x-y-zQxRyMz (one or more sorts of elements chosen from the group which T 
becomes from Co and nickel — ) One or more sorts of elements chosen from the group which Q becomes from B and C, one or more 
sorts of rare earth metal elements with which R does not contain La and Ce substantially, M is the metallic element chosen from the 
group which consists of Ti, Zr, and Hf. It is expressed by at least one sort of metallic elements which surely contain Ti. The 
presentation ratio x, The process at which y, z, and m produce the molten metal of an alloy which satisfies 10< x<=20 atom %, y< 6 
<=10 atom %, 0. K=z<=12 atom %, and 0<=m<=0.5, respectively, The manufacture approach of the iron machine permanent magnet 
which includes the process which prepares the powder of the quenching alloy obtained by cooling said alloy molten metal, and the 
process which produces a bulk-like Plastic solid by pressurizing heating said alloy powder. 

[Claim 22] The Plastic solid of the shape of said bulk is the manufacture approach of the iron machine permanent magnet according to 
claim 21 characterized by compressing by 1 00 or more MPas the pressure of 800 or less MPa while heating said alloy powder below 
500 degrees C or more 800 degrees C. 

[Claim 23] The manufacture approach of the iron machine permanent magnet which includes the process which prepares the iron 
machine permanent magnet of a publication for either of claims 1-14, and the process which pressurizes heating said magnet and gives 
a magnetic anisotropy. 

[Claim 24] The process which gives said magnetic anisotropy is the manufacture approach of the iron machine permanent magnet 
according to claim 23 characterized by pressurizing by 50 or more MPas the pressure of 800 or less MPa while heating said Plastic 
solid below 500 degrees C or more 850 degrees C. 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ip... 9/27/2006 



JP,2003-086413,A [CLAIMS] 



Page 2 of 2 



[Claim 25] The process which gives said magnetic anisotropy is the manufacture approach of the iron machine permanent magnet 
according to claim 23 characterized by pressurizing by 50 or more MPas the pressure of 800 or less MPa while heating said Plastic 
solid below 500 degrees C or more 850 degrees C. 



[Translation done.] 
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JPO and NCIPX are not responsible for any 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the iron machine permanent magnet and its manufacture approach of the high density 

produced from an iron machine quenching alloy. 

[0002] 

[Description of the Prior Art] Conventionally, by performing compression molding or an injection-molding process, the desired 
configuration was given and the permanent magnet of the iron machine quenching alloy which has a Nd-Fe-B system alloy 
presentation was bulk-ized, after mixing joint resin to the powder of the alloy. 
[0003] 

[Problem(s) to be Solved by the Invention] If the consistency of the bulk object magnet produced by compression molding resulted in 
the consistency of the magnet which there is about 80% of alloy true density, and was obtained by injection molding, it was still as 
lower as 60 - 70% of alloy true density. Compared with such alloy true density, there was a problem that only about 50% - about 80% 
of magnetic properties were demonstrated as compared with the magnetic powder itself, with a bulk object magnet with a low 
consistency. 

[0004] Moreover, while high corrosion resistance is searched for also from a bulk object magnet, surface characteristics which were 

excellent in versatility, such as an adhesive property with the adhesives used at the time of an assembly, are required. 

[0005] It is in offering the iron machine permanent magnet which this invention was made in view of these many points, and the main 

purpose raised the bulk volume density of a magnet alloy, and raised magnetic properties by different direction-ization. 

[0006] Other purposes of this invention are to offer the iron machine permanent magnet which has the front face excellent in corrosion 

resistance, the adhesive property over other components, etc. by low cost. 

[0007] 

[Means for Solving the Problem] the iron machine permanent magnet by this invention — an empirical formula — 100(Fel-mTm)-x-y- 
zQxRyMz (one or more sorts of elements chosen from the group which T becomes from Co and nickel -) One or more sorts of 
elements chosen from the group which Q becomes from B and C, one or more sorts of rare earth metal elements with which R does 
not contain La and Ce substantially, M is the metallic element chosen from the group which consists of Ti, Zr, and Hf. It is expressed 
by at least one sort of metallic elements which surely contain Ti. The presentation ratio x, It is characterized by being compressed until 
the alloy powder with which y, z, and m are satisfied of 10< x<=20 atom %, y< 6 <=10 atom %, 0.1<=z<=12 atom %, and 
0<=m<=0.5, respectively becomes 90% or more of alloy true density. 

[0008] In a desirable operation gestalt, said alloy powder is the pulverized powder of the quenching alloy obtained by quenching the 
molten metal of an alloy by the melt spinning process or the strip cast method. 

[0009] In a desirable operation gestalt, the particle size of said alloy powder is 500 micrometers or less, v 

[001 0] In a desirable operation gestalt, said alloy powder is powder with a particle size of 1 50 micrometers or less obtained by , 
quenching the molten metal of an alloy by the gas atomizing method. 

[001 1] In a desirable operation gestalt, the constituent particle of said alloy powder contains a hard magnetism phase and a soft 
magnetism phase, the average size of said hard magnetism phase has the average size of lOnm or more 300nm or less and said soft 
magnetism phase within the limits of lnm or more lOOnm or less, and its average size of said hard magnetism phase is larger than the 
average size of said soft magnetism phase. 

[0012] In a desirable operation gestalt, said soft magnetism phase exists in the grain boundary of said hard magnetism phase. 
[0013] it is a desirable operation gestalt - it was, said hard magnetism phase consisted of R2Fel4B mold compound phases, and said 
R2Fel4B mold compound phase forms said 90% or less of whole alloy powder 60% or more at the rate of a volume ratio. 
[0014] In a desirable operation gestalt, the R2T14B mold compound phase, the boride phase, and the alpha-Fe phase are intermingled 
in the same metal texture. 

[0015] In the desirable operation gestalt, said boride phase contains ferromagnetic iron machine boride. 
[0016] In the desirable operation gestalt, said iron machine boride contains Fe3B and/or Fe23 B6. 
[0017] In a desirable operation gestalt, the presentation ratio y of said R is below 9.0 atom %. 

[001 8] In a desirable operation gestalt, the iron machine boride phase more detailed than said R2T14Q mold compound phase and/or 
the alpha-Fe phase exist in the grain boundary or subgrain boundary of said R2T14Q mold compound phase. 

[0019] In a desirable operation gestalt, said alloy powder contains powder with a particle size of 53 micrometers or less more than 10 
mass %. 

[0020] In a desirable operation gestalt, said alloy powder contains powder with a particle size of 38 micrometers or less more than 5 
mass %. 

[0021] In the desirable operation gestalt, it has the magnetic anisotropy. 

[0022] Surface treatment is performed in the desirable operation gestalt. 

[0023] In a desirable operation gestalt, said surface treatment is a vapor plating. 

[0024] In a desirable operation gestalt, said surface treatment is wet plating. 

[0025] In a desirable operation gestalt, said surface treatment is resin paint. 

[0026] In a certain desirable operation gestalt, said surface treatment is chemical conversion. 

[0027] the manufacture approach of the iron machine permanent magnet by this invention — an empirical formula — 100(Fel-mTm)-x- 
y-zQxRyMz (one or more sorts of elements chosen from the group which T becomes from Co and nickel —) One or more sorts of 
elements chosen from the group which Q becomes from B and C, one or more sorts of rare earth metal elements with which R does 
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not contain La and Ce substantially, M is the metallic element chosen from the group which consists of Ti, Zr, and Hf. It is expressed 
by at least one sort of metallic elements which surely contain Ti. The presentation ratio x, The process at which y, z, and m produce 
the molten metal of an alloy which satisfies 10< x<=20 atom %, y< 6 <=10 atom %, 0.1<=z<=12 atom %, and 0<=m<=0.5, 
respectively, The process which produces a bulk-like Plastic solid is included by pressurizing heating the process which prepares the 
powder of the quenching alloy obtained by cooling said alloy molten metal, and said alloy powder. 

[0028] In a desirable operation gestalt, the Plastic solid of the shape of said bulk is compressed by 100 or more MPas the pressure of 
800 or less MPa, heating said alloy powder below 500 degrees C or more 800 degrees C. 

[0029] The manufacture approach of other iron machine permanent magnets by this invention is characterized by including the process 
which prepares the iron machine permanent magnet of one of the above, and the process which pressurizes heating said Plastic solid 
and gives a magnetic anisotropy. 

[0030] In a desirable operation gestalt, the process which gives said magnetic anisotropy is pressurized by 50 or more MPas the 

pressure of 800 or less MPa, heating said Plastic solid below 500 degrees C or more 850 degrees C. 

[0031] 

[Embodiment of the Invention] The iron machine permanent magnet by this invention is compressed until the alloy powder with which 
an empirical formula is expressed by 100(Fel-mTm)-x-y-zQxRyMz becomes 90% or more of alloy true density. One or more sorts of 
elements chosen from the group which T becomes from Co and nickel here, one or more sorts of elements chosen from the group 
which Q becomes from B and C, one or more sorts of rare earth metal elements with which R does not contain La and Ce 
substantially, and M are the metallic elements chosen from the group which consists of Ti, Zr, and Hf, and they are at least one sort of 
metallic elements which surely contain Ti. Moreover, the presentation ratio x, and y, z and m satisfy 10< x<=20 atom %, y< 6 <=10 
atom %, 0. 1 <=z<= 1 2 atom %, and 0<=m<=0.5, respectively. 

[0032] In this invention, improvement in magnetic properties is realized by compressing magnet powder into 90% or more of alloy 
true density by press forming between ** etc., without using the joint resin which invites the fall of bulk volume density. Moreover, a 
magnetic anisotropy can be given by performing plastic working by compression between heat etc. to the high density bulk object 
compressed into 90% or more of alloy true density by the above-mentioned approach. 

[0033] Hereafter, the desirable operation gestalt of this invention is explained about an isotropic magnet and an anisotropic magnet. 
[0034] The iron machine permanent magnet of this invention which has 90% or more of Plastic solid consistency of [isotropic magnet] 
alloy true density is manufactured by grinding and pressurizing, after cooling the alloy molten metal which has an above-mentioned 
specific presentation, for example with the quenching method using a well-known roll kneader etc. And the iron machine permanent 
magnet of the bulk object which finally has the organization which the lnm or more diameter [ of average crystal grain / 50nm or 
less ] iron machine boride phase (Fe3B and Fe23 B6) is distributing minutely to with a 1 Onm or more mean particle diameter [ 300nm 
or less ] the grain boundary and subgrain boundary of an R2T14Q phase is obtained. 

[0035] Cooling of an alloy molten metal may use approaches other than melt quenching methods, such as a melt spinning process and 
the strip cast method. For example, the gas atomizing method may be used. 

[0036] As for the quenching alloy produced by the above-mentioned quenching method, it is desirable that the R2T14Q mold 
compound phase is included more than 60 volume %. By the alloy system which generally has the presentation mentioned above, 
when not adding Ti, as a result of giving priority over an R2T14Q crystal phase and alpha-Fe's depositing and growing, magnetic 
properties will deteriorate. On the other hand, in this invention, by adding a suitable quantity of Ti, quenching of an alloy molten metal 
can be faced, and an R2T14Q crystal phase can be preferentially deposited and grown up rather than alpha-Fe. 
[0037] As for grinding of a quenching alloy, it is desirable to carry out so that powder particle size may be set to 500 micrometers or 
less. When based on a melt quenching method, since a quenching alloy has the thickness of about 100 micrometers or less, many 
things which have the shape of a flake with a monotonous powder particle are formed after grinding. However, since a granular 
powder particle is obtained by quenching when producing alloy powder from an alloy molten metal using the gas atomizing method, 
there is no need of performing a grinding process separately after that. In addition, when based on the gas atomizing method, it is 
desirable to adjust the size of a powder particle to 150 micrometers or less so that cooling may be attained by homogeneity even inside 
a powder particle. * 

[0038] By setting up suitably the grinding conditions after liquid quenching, and the conditions of atomization, the powder of a 

quenching alloy can obtain easily the permanent magnet of a bulk object with a more high consistency by making a particle 38 

micrometers or less contain a particle 53 micrometers or less 5% or more more desirably 10% or more to the whole powder. 

[0039] In this way, after that, the powder of the obtained quenching alloy receives hot-forming processing (temperature: 500 degrees C 

or more 800 degrees C or less, less than [ more than pressure: 1 00MPa800MPa ]), and is fabricated by the bulk object of a request 

configuration. 

[0040] As a hot-forming method, a discharge plasma sintering process besides a hotpress etc. is employable. If the temperature at the 
time of hot forming is less than 500 degrees C, the deposit of a crystal phase will not fully be completed and the organization 
(organization which the lnm or more diameter [ of average crystal grain / 50nm or less ] iron machine boride phase is distributing 
minutely to with a lOnm or more mean particle diameter [ 300nm or less ] the grain boundary and subgrain boundary of an R2T14Q 
phase) where good hard magnetic property is discovered will not be obtained. Moreover, it becomes difficult to obtain the magnet 
which has a high consistency. If the temperature at the time of hot forming becomes high exceeding 800 degrees C, as a result of 
crystal grain's making it big and rough on the other hand, the exchange interaction of each crystal grain will fall and magnetic 
properties (especially square shape nature of a demagnetization curve) will deteriorate. As for the temperature at the above thing to the 
time of hot forming, it is desirable to set it as the 500-degree-C or more range of 800 degrees C or less. The more desirable range of 
this temperature is 600 degrees C or more 780 degrees C or less. 

[0041] As for the welding pressure at the time of hot forming, it is desirable to adjust in the 100 or more MPas range of 800 or less 
MPa. If welding pressure is less than 100MPa(s), a Plastic solid consistency will become less than 90%. On the other hand, when 
welding pressure exceeds 800MPa(s), a micro crack is formed into a Plastic solid and there is a possibility that a mechanical strength 
may fall. The more desirable range of welding pressure is 150 or more-MPa 600 or less MPa. With the alloy presentation of this 
invention, since the concentration of boron is comparatively high, also at the low temperature which crystal grain cannot make big and 
rough easily, it is easy to produce deformation of a Plastic solid, and, in addition, the improvement in a consistency of a bulk object 
may carry out hot forming of the easy thing which mixed metal powder, inorganic powder, etc. of under 1 0 volume % to quenching 
alloy powder. 

[0042] In addition, Ti which is the description of this alloy has the effectiveness which controls the grain growth at the time of the 
pressurization between heat. Even if the organization where detailed iron machine boride (Fe3B and Fe23 B6) and detailed alpha-Fe 
exist in the main phase grain boundary or a subgrain boundary is obtained by addition of Ti and it specifically receives the pressure 
treatment between heat by it, grain growth of the main phase (hard magnetism R2T14Q phase) is controlled. It is thought that the soft 
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magnetism phase exists in the grain boundary or the subgrain boundary as the thin shape of a film and a detailed particle. It is thought 
that deformation of a Plastic solid is smoothly produced when the detailed iron machine boride phase which exists in the grain 
boundary or subgrain boundary of the main phase deforms or moves. In this invention, as a result of grain growth of the main phase at 
the time of the pressurization between heat being controlled by the detailed organization obtained by adding Ti and detailed nano 
composite structure's being maintained, the property excellent in the square shape nature of a demagnetization curve will be 
demonstrated. On the other hand, in the alloy presentation which does not add Ti, the metal texture which discovers hard magnetic 
property even with after [ good enough ] the pressurization between heat is not obtained. 

[0043] The manufacture approach of a [anisotropic magnet], next the anisotropy iron machine permanent magnet by this invention is 
explained. 

[0044] measure and the bulk-like iron machine permanent magnet fabricated by the above-mentioned approach are prepared. In order 
to carry out plastic deformation of this bulk object magnet, uniaxial stress is added to this magnet. The above-mentioned bulk object 
magnet is impressed and faced a pressure to an one direction, and to the pressurization direction, displacement and deformation of the 
magnet to a perpendicular direction are not restrained, and, specifically, does not give a pressure. Thus, in order to perform plastic 
deformation, any of approaches, such as a hotpress, extrusion, rolling, Diapp shaping, or forging, may be adopted. 
[0045] It is desirable to set up temperature within the limits of 500 degrees C or more 850 degrees C or less, and to adjust a pressure as 
conditions for the above-mentioned plastic deformation, within the limits of 50 or more-MPa 800 or less MPa. However, when 
performing pressurization by the extrusion method, it is desirable to adjust the pressure to impress in the 150 or more MPas range of 
1 500 or less MPa. 

[0046] Magnetic different direction-ization is caused when the R2T14Q crystal grain which has the magnetic moment grows with the 
priority to a perpendicular direction to the above-mentioned pressurization direction. More, when R2T14Q crystal grain grows, it 
grows up to be a detail, incorporating the R2T14Q crystal grain in which R2T14Q crystal grain has the easy axis of a direction 
perpendicular to the pressurization direction. Consequently, the rate of an abundance ratio of the R2T14Q crystal grain with which the 
easy axis was ready increases in the above-mentioned pressurization direction, and a magnetic anisotropy is given. 
[0047] If the size of R2T14Q crystal grain becomes large exceeding 300nm which may exist as single domain crystal grain, since 
switched connection with the soft magnetism phase which exists in a grain boundary will fall, it becomes impossible in addition, to 
acquire good magnetic properties. Therefore, as for R2T14Q grain growth, it is desirable to make it the mean particle diameter of final 
crystal grain settled in the 30nm or more range of 300nm or less. The mean particle diameter of a more desirable R2T14Q phase is 
50nm or more 250nm or less. 

[0048] In addition, in order to make the deposit of a crystal phase more perfect and to raise magnetic properties, you may heat-treat at 
500 more degrees-C or more temperature of 850 degrees C or less on hot forming or the bulk object after the formation of the 
pressurization different direction. Moreover, in order to process the acquired bulk object into a desired configuration or to avoid the 
bad influence to surface preparation, processing processing of well-known cutting, cutting, polish, blasting, etc. may be performed. 
[0049] Moreover, in order to raise various properties, such as corrosion resistance, a surface detergency, and an adhesive property, 
well-known surface treatment can be performed to the obtained permanent magnet. On the property, since the permanent magnet by 
this invention does not need the resin for combining a powder particle, it can perform surface treatment by the vacuum evaporationo 
which requires the processing comparatively in an elevated temperature. 

[0050] The permanent magnet by this invention excels the magnet which bulk-ized the conventional super-quenching magnet powder 
by compression between heat in corrosion resistance. Therefore, in order to raise corrosion resistance, when performing surface 
treatment, corrosion resistance sufficient by simpler surface treatment can be acquired. Since according to the permanent magnet of 
this invention corrosion resistance is fully securable even if it makes thickness of the surface treatment film thin, the magnetic gap 
formed when a permanent magnet is built into a magnetic circuit can be decreased. 

[005 1 ] When performing wet surface preparation, such as plating, to the permanent magnet of this invention, as compared with the 
magnet which bulk-ized the conventional super-quenching magnet powder by compression between heat, a magnet component cannot 
be easily eluted to processing liquid at the time of surface preparation, and it becomes possible to control, degradation of processing 
liquid. * " 

[0052] The whole quantity consists of B (boron), or the [reason for limitation of a presentation] Q consists of combination of B and C 
(carbon). As for the rate rate of an atomic ratio of C to the total amount of Q, it is desirable that it is 0.25 or less. 
[0053] If the presentation ratio x of Q becomes below 10 atom %, it becomes difficult to produce the quenching alloy with which an 
R2T14Q mold crystal phase and an amorphous phase are intermingled, and when the cooling rate at the time of quenching is 
comparatively low in 102 degrees C/second - about 105 degrees C/[ a second and ], even if it heat-treats after that, high coercive force 
will not be acquired. Moreover, also in a melt quenching method, it becomes impossible for process costs to adopt the comparatively 
cheap strip cast method, and the price of a permanent magnet will rise. On the other hand, if the presentation ratio x of Q exceeds 20 
atom %, since the rate of an abundance ratio of alpha-Fe which has the highest saturation magnetization in a configuration phase to the 
increase of the rate of the volume ratio of the amorphous phase in which after heat-of-crystallization processing remains, and 
coincidence will decrease, a residual magnetic flux density Br will fall. It is desirable to set up so that the presentation ratio x of Q may 
exceed 10 atom % and it may consist of the above thing below 20 atom %. The range of the more desirable presentation ratio x is 
below 1 7 atom % more than 10 atom %. 

[0054] R is one or more sorts of elements chosen from the group of rare earth elements (Y is included). If La or Ce exists, since 
coercive force and square shape nature will deteriorate, it is desirable that La and Ce are not included substantially. However, when La 
and Ce (below 0.5 atom %) of a minute amount exist as an impurity mixed unescapable, it is satisfactory on magnetic properties. 
Therefore, when it contains La and Ce below 0.5 atom %, it can be said that neither La nor Ce is included substantially. 
[0055] As for R, it is desirable that Pr or Nd is included as an essential element, and, more specifically, it may permute a part of the 
essential element by Dy and/or Tb. When the presentation ratio y of R becomes under the whole 6 atom %, the compound phase which 
has the R2T14Q mold crystal structure required for the manifestation of coercive force does not fully deposit, but it becomes 
impossible to acquire the high coercive force HcJ. Moreover, if the presentation ratio y of R becomes more than 10 atom %, the iron 
machine boride which has ferromagnetism, and the abundance of alpha-Fe will fall. Therefore, as for the presentation ratio y of rare 
earth elements R, it is desirable to adjust the more than range under of 10 atom %, for example, 7 atom %, below to 9.5 atom % more 
than 6 atom %. The range of more desirable R is below 9.3 atom % more than 7.5 atom %, and the range of most desirable R is below 
9.0 atom % more than 8 atom %. 

[0056] The addition metallic element M makes Ti indispensable, and may contain Zr and/or Hf further. In order that Ti may contribute 
to the improvement of the improvement in coercive force HcJ and a residual magnetic flux density Br, and the square shape nature of a 
demagnetization curve and may raise maximum energy product (BH) max while it demonstrates the effectiveness of depositing and 
growing up a hard magnetism phase earlier than a soft magnetism phase, during quenching of an alloy molten metal, it is an 
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indispensable alloying element. 

[0057] If the presentation ratio z of a metallic element M becomes under the whole 0. 1 atom %, the effectiveness of Ti addition will 
not fully be discovered. On the other hand, if the presentation ratio z of a metallic element M exceeds the whole 1 2 atom %, since the 
rate of a volume ratio of the amorphous phase in which after heat-of-crystallization processing remains will increase, it is easy to 
invite the fall of a residual magnetic flux density Br. As for the presentation ratio z of the above thing to the metallic element M, it is 
desirable to consider as the range below 12 atom % more than 0.1 atom %. The minimum of the range of more desirable z is 0.5 atoms 
%, and the upper limit of the range of more desirable z is 8.0 atoms %. Furthermore, the upper limit of the range of desirable z is 6.0 
atoms %. 

[0058] Moreover, since the amorphous phase which contains Q (for example, boron) superfluously is easy to be formed so that the 
presentation ratio x of Q is high, it is desirable to make high the presentation ratio z of a metallic element M. It is specifically desirable 
to adjust a presentation ratio so that z/x>=0. 1 may be satisfied, and it is more desirable to satisfy z/x>=0.15. 

[0059] In addition, in order that Ti may carry out desirable work especially, as for a metallic element M, it is desirable that Ti is surely 
included. In this case, it is desirable that it is [ of Ti to the whole metallic element M ] 70% or more comparatively (rate of an atomic 
ratio), and it is still more desirable that it is 90% or more. 

[0060] Although Fe occupies the content remainder of an above-mentioned element, even if it permutes a part of Fe by one sort or two 
sorts of transition-metals elements (T), Co and nickel, it can obtain desired hard magnetic property. If the amount of permutations of T 
to Fe exceeds 50%, the high residual magnetic flux density Br beyond 0.7T will not be obtained. For this reason, as for the amount of 
permutations, it is desirable to limit to 50% or less of range 0% or more. In addition, since the Curie temperature of R2Fel4 B phase 
rises while the square shape nature of a demagnetization curve improves by permuting a part of Fe by Co, thermal resistance improves. 
The range where the amount of Fe permutations by Co is desirable is 40% or less 0.5% or more. 

[0061] As the surface treatment approach for the iron machine permanent magnet by [surface treatment] this invention, a well-known 

approach can be used widely. As for the protective coat formed of surface treatment, inorganic materials (a metal, a ceramic, inorganic 

polymer, etc.) can also use organic materials (low-molecular, macromolecule, etc.), and inorganic and an organic composite material. 

Forming by various approaches comes and comes out of these protective coats according to the ingredient to be used. 

[0062] for example, a metal membrane - the galvanizing methods (electrolysis plating, nonelectrolytic plating method, etc.) and 

various thin film deposition techniques (vacuum evaporation technique, the ion plating method, a spatter, the ion beam method, etc.) — 

the approach which is immersed in the molten metal of low-melt point points, such as Sn and Zn, and is cooled is employable further. 

It is desirable to form the alloy containing aluminum, titanium, nickel, copper, chromium, and them as a metal coat, and it is suitably 

selected according to the various purposes, such as an adhesive property with adhesives, and a surface detergency. 

[0063] The film of a ceramic ingredient may be formed using a thin film deposition technique like a metal membrane, and processing 

liquid, an alkali silicate water solution, etc. in the case of using a sol gel process may be used for it, and it may form them using a 

dipping method, a spray method, etc. Moreover, an electrophoresis electrodeposition process etc. may be adopted. 

[0064] The resin film can be formed using various approaches, such as electropainting, spray painting, electrostatic coating, DIP paint, 

and the roll coat method, using organic polymeric materials. Moreover, the film of an inorganic polymer ingredient (for example, 

silicone resin) can also be formed by the same approach. 

[0065] Moreover, a protective coat can also be formed using low-molecular-weight organic materials, such as coupling agents (a 
silane system, a titanate system, an aluminates system, zirconate system, etc.) and benzotriazol. These low-molecular organic materials 
can be given to a bulk object magnet by various approaches as a solution. 

[0066] Moreover, a protective coat can also be formed by putting a particle by various approaches (deposition). As a particle, metal 
particles, such as aluminum, Zn, nickel, Cu, Fe, Co, Sn, Pb, Au, and Ag, Si02, aluminum 203, Zr02, MgO and Ti02, a mullite, a 
titanate, Resin particles, such as ceramic particles, such as metallic oxides, such as a silicic-acid salt, and a compound metallic oxide 
(glass is included), TiN, A IN, BN and TiC, TiCN, and TiB2, polytetrafluoroethylene, and acrylic resin, carbon black, MoS2, etc. are 
mentioned. 

[0067] In addition, since these particles are fixed to the front face of a bulk object magnet, a binder may be used if needed. As an 
ingredient of a binder, high molecular compounds, such as low-molecular-weight organic compounds, such as inorganic materials; 
such as a chromic acid, molybdic acids and phosphoric acids, and these salts, and a coupling agent, and organic resin, etc. can be used. 

[0068] A particle may be made to adhere to the binder layer which could use the applying methods, such as a spray method and a 
dipping method, and formed in the front face of a bulk object magnet beforehand what mixed the particle and the binder beforehand as 
an approach of fixing a particle to the front face of a bulk object magnet using the mechanical force. Moreover, it may heat-treat and a 
bulk object magnet front face may be made to fix a particle still more firmly if needed. 

[0069] It not only forms a protective coat in the bulk object magnet of a shaping riser as new film, but you may form it by reforming 
the front face of a bulk object magnet. A reaction with the magnetic powder in a bulk object magnet front face may be used. For 
example, various chemical conversion, such as phosphating, phosphoric-acid zinc processing, phosphoric-acid manganese processing, 
calcium phosphate processing, phosphoric-acid chromate treatment, chromate treatment, zirconic acid processing, tungstic-acid 
processing, and molybdic-acid processing, can be mentioned. 

[0070] Since the content of the rare earth elements in the Ti content nano composite magnetic powder of this invention (typically Nd) 
is low here, even if it uses the chemical conversion generally used in the field of steel, sufficient corrosion resistance can be acquired. 
[0071] Furthermore, the oxide film of suitable thickness may be formed by oxidizing the front face of a bulk object magnet by various 
approaches. 

[0072] Moreover, the surface treatment mentioned above may form a cascade screen using an ingredient which may combine suitably, 
for example, is different. 

[0073] In addition, although the thickness of a protective coat is suitably set up according to the application of the surface-preparation 
approach to adopt and a bulk object magnet, in order to acquire the improvement effectiveness of the energy efficiency by decreasing 
the magnetic gap in an above-mentioned motor, as for the thickness of a protective coat, it is desirable that it is 25 micrometers or less, 
and 20 micrometers or less are 1 0 micrometers or less still more preferably more preferably. 
[0074] 

[Example] Hereafter, the example of this invention is explained. 

[0075] (Example 1) In order to produce the molten metal of an alloy which has the presentation of Nd9Fe78.7B10.3Ti2 atom %, first, 
weighing capacity was carried out so that a total amount might become 70g using the ingredient of B, Fe, Ti, and Nd of 99.5% or more 
of purity, and it supplied in the quartz crucible. Since this quartz crucible has two orifices with a diameter of 0.8mm at the pars 
basilaris ossis occipitalis, after dissolving within a quartz crucible, the above-mentioned raw material serves as an alloy molten metal, 
and will be caudad dropped from an orifice. The pressure performed the dissolution of a raw material using the high-frequency-heating 
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method to the bottom of the argon atmosphere of 37.5kPa(s). In this example, molten metal temperature was set as 1450 degrees C. 
[0076] The molten metal was made to blow off to the peripheral face of the copper roll in the location of 0.7mm of lower parts of an 
orifice by pressurizing the surface of hot water of an alloy molten metal by Ar gas of 26.7kPa(s). A roll rotates at high speed, while the 
interior is cooled so that the temperature of the peripheral face may be maintained by room temperature extent. For this reason, the 
alloy molten metal dropped from the orifice will be flown in the peripheral-velocity direction, contacting a roll peripheral surface and 
heat being taken. Since an alloy molten metal is continuously dropped on a roll peripheral surface through an orifice, the alloy 
solidified by quenching will have the gestalt of the ribbon (width of face: l-3mm, thickness:40-150micrometer) prolonged for a long 
time in thin band-like one. 

[0077] In the case of the roll kneader method (the single rolling method) adopted by this example, a cooling rate is prescribed by roll 
peripheral velocity and the amount of molten metal flowing down per unit time amount. It depends for this amount of molten metal 
flowing down on the diameter of an orifice (cross section), and the molten-metal -pressure force. In this example, the diameter of 
0.8mm and the molten-metal-pressure force were set to 26.7kPa(s), and the flowing-down rate was set for the orifice as a part for 
about 0.5- lkg/. Roll peripheral velocity at this time was carried out in 13m/second. 

[0078] In this way, when the characteristic X ray of CuKalpha investigated the organization of the obtained quenching alloy, the 
diffraction peak of Nd2Fel4B was observed in the halo pattern, and it checked having the quenching alloy organization where 
Nd2Fel4B and an amorphous phase are intermingled. 

[0079] Next, in order to check the magnetic properties of this quenching alloy, after performing heat-of-crystallization processing 
which holds some quenching alloys for 6 minutes at 640 degrees C in Ar gas, the law of the magnetic properties after heat treatment 
was carried out with the oscillatory type magnetometer. The measured magnetic properties are shown in the column of the "magnet 
powder" of Table 1. Curvilinear la of drawing 3 shows the demagnetization curve of this magnet powder. 
0080] 
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[008 1 ] When the characteristic X ray of CuKalpha investigated change of the configuration phase after heat treatment, it checked that 
the halo pattern seen before heat treatment was a mixed organization which disappears and consists of Nd2Fel4B, Fe23 B6, and 
alpha-Fe. Curvilinear 1 a of drawing 4 shows the powder X diffraction pattern of the quenching alloy after heat treatment. 
[0082] When the detailed metal texture after heat treatment was observed with the transmission electron microscope (TEM), it turned 
out that crystal grain with a mean particle diameter of about 80nm and the about lOnm fine crystal grain which exists in the grain 
boundary exist. In addition, when the alloy presentation of the crystal grain observed by TEM was investigated in TEM-EDX and 
APFIM, crystal grain with a mean particle diameter of 80nm is Nd2Fel4B, and it became clear that the about lOnm crystal grain 
which exists in a grain boundary was Fe23 B6 and alpha-Fe. Ti added into the alloy has also checked mainly going into the Fe23 B6 
phase. 

[0083] Next, the above-mentioned quenching alloy was ground to 150 micrometers or less, and the pulverized powder was produced. 
As a result of measuring particle size distribution using the standard sieve of JIS8801, the particle 53 micrometers or less to the whole 
powder was 26.6 % of the weight. This pulverized powder was pressed, and it fabricated so that it might have a cylindrical (the 
diameter of 4mm, height of 8mm) configuration. In this way, the consistency of the acquired preforming object was 5.6g/cc. 
[0084] Then, after raising temperature in 500 seconds from a room temperature to 730 degrees C, applying the pressure of 275MPa(s) 
to the above-mentioned preforming object using the hotpress equipment shown in drawing 1 , it held for 500 seconds at 730 degrees C. 
The equipment of drawing 1 is equipped with the die 1 which has a through tube, and the upper punch 2 which specifies cavity space 
within a through tube and bottom punch 3. A Plastic solid is set to a cavity, and a preforming object is pressurized and compressed by 
upper punch 2 and bottom punch 3. 

[0085] Drawing 2 shows the relation between the elapsed time from pressurization initiation, and the variation rate (contraction of the 
height direction) of a Plastic solid. Contraction of the height direction has been started since the time of temperature rising near 600 
degree C so that drawing 2 may show. And when temperature was 730 degrees C, height contracted to 6.37mm and the consistency of 
a Plastic solid improved from the consistency (5.6g/(cc)) at the time of preforming (before a hotpress) to 7.0g/cc. Since the true 
density of the alloy used for this example is 7.3g/cc, it turns out that the Plastic solid (bulk object) of 95.9% of magnetic powder filling 
factors was therefore acquired by the hotpress. 

[0086] The result of having measured the magnetic properties of the above-mentioned Plastic solid after a hotpress with BH marker is 
shown in the column of the "Plastic solid" of Table 1. The demagnetization curve of the above-mentioned Plastic solid after a hotpress 
is shown as curvilinear lb of drawing 3 . 

[0087] Next, when characteristic X ray investigated the metal texture of the Plastic solid after a hotpress, as shown in curvilinear lb of 
drawing 4 , the inclination which Fe23 B6 and the diffraction peak intensity of alpha-Fe are increasing was observed. 
[0088] (Example 2) In this example, it pressurized with the equipment which shows the above-mentioned above-mentioned Plastic 
solid to drawing 5 , and the different direction was formed by it. The equipment of drawing 5 is equipped with the upper drum 5 which 
carries out 1 axial compression of Plastic solid 4 from the upper and lower sides, and the bottom drum 6. Plastic solid 4 is heated by 
750 degrees C in the condition that the lateral portion is not restrained, on the vertical drums 5 and 6, is compressed by the pressure of 
400MPa(s) and deformed plastically. Heating of Plastic solid 4 was performed by the high-frequency-heating method. Then, the 
sample of 3mm angle was started from near the core of cooled Plastic solid 4. The magnetic properties of a perpendicular direction 
were measured with the oscillatory type magnetometer to the parallel direction and the pressurization direction about this sample to the 
pressurization direction. Magnetic properties after performing anti-field amendment are shown in Table 2. 
[0089] 
[Table 2] 
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[0090] Next, the X diffraction pattern within a perpendicular field was measured to the pressurization direction by the XRD method. 
Consequently, one or more had been the ratio, i.e., (004)/(410) ratio, of the peak height to a peak height (410) (004). (004) A peak is a 
reflective peak by C side of a Nd2Fel4B mold compound, and the peak (410) shows reflective Park which shows the highest 
reinforcement with Powder XRD. It was checked that C shaft which is the easy magnetization direction of a Nd2Fel4B compound is 
carrying out orientation in the same direction as the pressurization direction from the above thing. 

[0091] (Example 3) After throwing in in crucible 5kg of raw materials first blended so that it might become Nd:8.9 atom %, B:12.6 
atom %, Ti:3.0 atom %, C: 1 .4 atom %, Nb: I atom %, and the alloy presentation of Remainder Fe, the alloy molten metal was 
produced by high-frequency induction heating in Ar ambient atmosphere held to 50kPa. This alloy molten metal was quenched by the 
strip cast method, and the quenching alloy was produced. By ****(ing) crucible, on the chute, the molten metal was poured out and, 
specifically, the molten metal was supplied through the chute to the cooling roller. It was cooled quickly and the alloy molten metal in 
contact with the front face of the cooling roller which rotates with the surface peripheral velocity of 14m/second was solidified. The 
used cooling roller was a product made from a pure copper, and the diameter was 250mm. In addition, in this example, when 
supplying a molten metal to a cooling roller, it is on a chute, the molten metal was shunted toward two articles, and the speed of 
supply per articles was adjusted to a part for 1 .3kg/. Accommodation of a molten metal speed of supply was performed by controlling 
the tilt angle of crucible. 

[0092] The average thickness of the obtained quenching alloy was 85 micrometers, and the standard deviation sigma was 1 3 
micrometers. After grinding some quenching alloys in size of 850 micrometers or less, if heat-treated under Ar style mind using the 
hoop belt furnace. This heat treatment considered the feed rate of a hoop belt as a part for 1 00mm/, and was performed by holding 
whenever [ fumace temperature ] at 780 degrees C. The speed of supply to the heating unit in a furnace of alloy powder (magnetic 
powder) was considered as a part for 20g/. 

[0093] When the crystal structure of the magnetic powder after the above-mentioned heat treatment was analyzed by powder X-ray 

diffractometry, it checked that magnetic powder consisted of Ne2Fel4 B phase, a Fe23 B6 phase, and an alpha-Fe phase. 

[0094] Next, after grinding the above-mentioned quenching alloy further using a pin disc mill, the classification was performed using 

the standard sieve of JIS8801, and magnetic powder with the particle size distribution shown in Table 3 was obtained. 

[0095] 
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[0096] After raising temperature in 500 seconds from a room temperature to 780 degrees C, having supplied to the cavity of the 
discharge plasma sintering equipment which has the configuration which shows the obtained powder to drawing 1 , and applying the 
pressure of 300MPa(s) to powder, it held for 500 seconds at 780 degrees C. In this way, the bulk object magnet with a diameter [ of 
20mm ] and a height of 5mm was produced. The consistency of the obtained bulk object magnet was 7. lg/cc. 

[0097] After carrying out barrel finishing of the ten above-mentioned bulk object magnets and removing a surface oxidizing zone, it 

supplied to the barrel fixture made from heat-resistant plastics together with the steel ball with a diameter of 2mm. 

[0098] The bulk object magnet was immersed in the processing liquid (30 degrees C of solution temperature) which consists of 

sodium-nitrate 0.2 mol/L and sulfuric-acid 1.5 volume %, rotating a barrel by rotational frequency 5rpm. Ultrasonic cleaning using the 

ion exchange water below 1 microS/cm was immediately performed for 30 seconds to the bulk object magnet after the immersion for 4 

minutes. 

[0099] Then, plating was started promptly. Specifically, the nickel-plating coat was formed in the front face of a bulk magnet object 
0.2 g/L using pH=4.2 (nickel carbonate adjusts) using 2-butine -1 and 4 diol saccharin 1 g/L as a nickel sulfate and 6 hydrate 240 g/L, 
a nickel chloride and 6 hydrate 45 g/L, boric-acid 30 g/L, and a brighten er, and the plating bath of 50 degrees C of solution 
temperature by performing electrolysis plating for 140 minutes by current density 0.2 A/dm2. 

[0100] After rinsing by taking out a bulk object magnet from a barrel, when the thickness (average of five magnets) of a plating coat 
was measured by the fluorescence-X-rays thickness gage, the thickness of a plating coat was 14.8 micrometers. 
[0101] Although the obtained magnet was left for 2000 hours under the high-humidity/temperature of 90% of temperature humidity of 
80 degrees C, abnormalities, such as blistering of rusting and a coat, were not accepted. 

[0102] (Example 4) The bulk object was formed by the same approach as an example 3. Next, to ten obtained bulk object magnets, 
shot blasting was performed and the scaling layer of a bulk object magnet was removed. Shot blasting was performed using an 
alundum A#l 80 (product made from new east BURETA) as projection material. 

[0103] Next, the bulk object magnet was thrown into the cylindrical shape barrel of vacuum evaporationo equipment, and evacuation 
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of the inside of a vacuum tub was carried out until total pressure was set to 1.0x10-3 or less Pa. Vacuum tub content volume is 3 
2.2m, and the used vacuum evaporationo equipment can perform vacuum evaporation© processing, supplying a wire-like metal 
vacuum evaporationo ingredient to a melting evaporator while rotating the cylindrical shape barrel produced at the mesh wire gauze 
made from stainless steel. Such vacuum evaporationo equipment is indicated by drawing 1 of JP,2001-32062,A. 
[0104] Argon gas was introduced after evacuation and in the vacuum tub, and the total pressure of vacuum ****** was adjusted to 
lPa. Then, rotating the revolving shaft of a cylindrical shape barrel by 1 .5rpm, bias voltage was set as 500V and sputtering by glow 
discharge was performed for 1 5 minutes. The front face of a bulk object magnet was defecated by this sputtering. 
[0105] The aluminum coat was formed in the front face of a bulk object magnet by the ion plating method, rotating the revolving shaft 
of a barrel by 1.5rpm for defecation. Specifically bias voltage was set as 100V, it ionized by heating a vacuum evaporationo ingredient 
(aluminum wire) in an argon gas ambient atmosphere, and the aluminum coat was grown up into the bulk body surface for 5 minutes. 
When the thickness (average of five magnets) of the formed aluminum coat was measured by the fluorescence-X-rays thickness gage, 
it was 10.5 micrometers. 

[0106] Next, the bulk object which has an aluminum coat on a front face was fed into blasting equipment, and peening processing was 
performed. Peening processing was performed for 15 minutes on condition that ****** 0.2MPa in the pressurization gas which 
consists of N2 gas, using GB-AG (product made from new east BURETA) as projection material. 

[0107] Although the obtained magnet was left for 2000 hours under the high-humidity/temperature of 90% of temperature humidity of 
80 degrees C, abnormalities, such as blistering of rusting and a coat, were not accepted. Moreover, it was 28.5MPa, as a result of 
pasting up the obtained magnet on the fixture made of cast iron using anaerobic adhesive (loctite 366, made in Henkel KGaA Japan) 
and performing a compression shear adhesion test. This value is equivalent to the disruptive strength after hardening of these 
adhesives, and it turned out that this magnet has the outstanding adhesive property. 
[0108] 

[Effect of the Invention] Improvement in magnetic properties can be realized by compressing magnet powder into 90% or more of 
alloy true density by press forming between ** etc., without using the joint resin which invites the fall of bulk volume density 
according to this invention. 

[0109] Moreover, by performing plastic working with hot rolling etc. to the high density bulk object compressed into 90% or more of 
alloy true density by the above-mentioned approach, a magnetic anisotropy can be given and improvement in magnetic properties can 
be aimed at further. 

[01 10] Since the iron machine permanent magnet by this invention excels the magnet which bulk-ized the conventional super- 
quenching magnet powder by compression between heat in corrosion resistance, it can acquire corrosion resistance sufficient by 
simpler surface treatment. Moreover, since thickness of the surface treatment film can be made thin, the magnetic gap formed when a 
permanent magnet is built into a magnetic circuit can be decreased. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] - 

Prawing 1 ] It is drawing showing the configuration of the hotpress equipment used for manufacture of the isotropic iron machine 
permanent magnet by this invention. 

Prawin g 2 ] It is the graph which shows the variation rate (contraction of the height direction) of the elapsed time from the 
pressunzation initiation by hotpress equipment, and a Plastic solid, and the relation of temperature about the example of this invention. 

Prawing 3] It is the graph which shows the demagnetization curve about "magnet powder" and a "Plastic solid" of Table 1 about the 
example of this invention. 

Prawing 4 ] It is the graph which shows the powder X diffraction pattern of the example by this invention. Curvilinear la shows the 
diffraction pattern of the quenching alloy after heat treatment ("magnet powder" of Table 1), and curvilinear lb shows the diffraction 
pattern of the alloy behind a hotpress ("Plastic solid" of Table 1). 

Prawing 5] It is drawing showing the configuration of the I shaft press equipment used suitable for the manufacture approach of the 
anisotropy permanent magnet by this invention, 
pescription of Notations] 
1 Die 

-2 Upper Punch - - - - -• — - 

3 Bottom Punch 

4 Plastic Solid 

5 Upper Drum 

6 Bottom Drum 
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[Drawing 1 
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[Drawing 2] 




[Drawing 3] 
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[Drawing 41 
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Prawing 5] 
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[IS*^1] fijtatf (Fel^ Ti) iHH^rz QxR 
yMz (TJ4Co fe«fci;N i 3&^6<t**^&a*?**tfc1 

ftL^I aJsl±0*±BI4K7C*. MI4T i „ Z r. fcefc 

1 0< x^2 10 
6^y<1 0^%, 

O^m^O. 5 

3 ] BuE**t»5fca)«gli 500/i mfcHFT? 20 

So 

S&E«»ttffi<O s FJ$-y-*rXli1 O nmJsl±3 O 0 nm£l 

T, ttfittBteft X#1 nm&±1 OOnm 

JalT(DttHrt(z&y % 30 

[»«S7] «TlHflH»tt«fiR2 Feu Bgfl:*1frB 
3^6sBI**tl. BUIBR2 F e14 BSftftftfiJiffait* . 
■eWIB^*»*±{*:(D6 0%fel±9 0%JSLT£i5tf)ri^ • 
5 KElSOttafcAKS. 

[»#«8j R2Fel4Bift*»fl, Hbfeffl, 40 

[11*910] mEtt««IHb1fett. Fe3Bfe<fctf/ 
9 lcEK0)tt**AK5 o 

[«*91 1] f&E R ©fflrittt* y *< 9 . OJlT%^ 
T"efc-i)il*^ 1 1 0(7)L^-r^x*M^E®(^aS7K^ 
Effio 50 



[»*ai 2] WER2T14 BS<b*ttfi(Da#*fc 

l±S!fc*|::* «rER2Fei4BSft*ttfficky*affl3S: 
i§#3i6frbl 1 a>l^*i^l3ER0)tt**A«5. 

1 3 ] WEftA»3fcl±. M 5 3 u m&TOD 

1 4 ] «TE*#»3fcl±. ISS 3 8// m JSTFO) 

f&5fc£ 5SI%Jsl±ftrR^i 3flE>iv**4i£i|:: 

1 5(Di^r*L*MrEK(D»**A«5. 

7) TOESffift3li»ffltt?#T*fc<&»3ft 

[|»*flll 8] mEaffifflStt2gatoo#-c&4it«: 
9 1 6 lzE«©tt**AHffi. . 

Q] ffirE9ESASii«ltftSl a eft«lR3Kqi 
1 6fcEKG)tta*A»e. 

2 0 ] flrBftBftai±1bl£fta7*&«R*a 
1 6irEK0)tta*A»5. 

[If*ll2 1 ] mflt&tf (F eli Tin) 100-x-y-z Qx 
RyMz (TliC o *5J:tfN i &agfl?aF*lfc 
1 aJSl±a>7E*. QttBfccfcl/C^&ftSBA^&afl?* 

titzimyL±<D7tm. Ri*t-a*sj:z/ce£jiKMi~# 

1 0<x<2 0Jl^%. 
6 < y < 1 Og^%, 

0<m<0. 5 

WEft*»»£3ftsi-r<5 c t Cctot^b^i^;^ 

<D»3fc£ffljrr*xai* 

WEft*»5RSJn»L«C36<6lBff-r*Cfcl=J:y. 

[11*312 2] ffiE/*;u*tt<Dj£rattii. «rE**» 
o o D cJU_t8 o otJaT-rrfcn&Lfctfb. 100 

MP a JSl±8 O OMP aVLT<DKJlT'J±m-?Z>^t : $:ft 

&t-tz>m&mz 1 icEtt(D»**A»5o>»a^a. 

[iS*9 2 3 ] if*9 1^6 1 4 mvrtiAMcEK® 
R**AHffi£f8S-r*XB4:*' 

[Ksmu 4] wrE»K«**tt*{t^-r4xai*. 

liiJEj£Jf2te £ 5 O O °C VL± 8 5 O °C liiTVmm L fttf 



(3) 



4$P2O03-O86413 



P>. 5 OMP a £Lt8 O OMP a &T<DEE2j-eft]i±-^£ 

lffE*»it$5 O 0°C£Lt8 5 o^JeiT-clnRLG:*^ 
t>. 50MPa]^±800MPa OTOE^lT^Et S 

[000 1] 10 

[0 0 0 2] 



rt^fc-. - - 

[0003] 20 
<£>SJ£l3lljoTI4. ^MSJt(D6 0-7 0%£EIZ{S 

[0 0 0 4] g£fc % /«;U^f*«5l=»LTti. Kt^BS: 

[o o o 5] *»Wtt^*»jfl[(c«^T<r:**Lfc*a> 

-efcy. *a)±£:S6ftte. B5**a>/*;nn*ffijS£i6) 
*&B5 zmm? « c * i= & « . 

[0 0 0 6] *f&BJ(7)tea>@tfll4. W^tt^ti!lCDgiJ n D DlZ 

[0007] 40 

HI4. SUES** (Fell Tb) 100-x-y-z QxRyMz (T 

tc^. Q»Bfe«fci;c^&<tft»3^6a«stLfc i aia 

±<D7tm. RliL a fcJzt/C e SUlWCt^ttU 1 S 
]sLtO)*±9MB:K5c5ft. M(4T i, Zr, fccfctfH f 

%, 6<y<10lW, 0. 1^^121^%, 50 



£i;o<m<o. 5$jss-rs^a^-&*asso 

[0 0 0 8] »*Li*MSMSlzisivc. ffrE^&ta* 

ckotn^iliSil^tS^ £ [Cefc l J 3 , £:|^fcSL3ft'& 
[0 0 0 9] »*Lt^l6»lllzteL^T % wTE*ft»3fe 

0>fiLgl£5 0 0/imfcrFT?fc<5> o 
[0 0 10] »*LL^*M£»lllCi3l^T. WE**t&3|£ 

[00 1 1] »*L^*16^!BrzfeLxT. WTE**»5E 

Btta<Z> s PJS1M r Xl4 1 0 n m J5l± 3 0 0 n mJUT\ W 
Ett»1tffi(D¥lS-y"-f X*< 1 n mJSLt 1 0 0 n ml^TO 

KBrtCifcy* ffiE«»ttfficZ)spiS-9--<X)&<mEtt»1t 

ftcD¥JS+*--r x^ y . 

[0 0 12] »*LtvjOS»»r=feLA-T. ffiEttBtta 
[0 0 1 3] »*Ll**ttMBftJSL*T. ttESBttfi 

I4R2 F e 14 Bmit'Sfaftfr&ffititZtl* BUIBR2 F e 14 

Baft-&«sffliittait*t?isfrE^*tt*^tt:(D6 o%ia 

±9 0%£lT£ ££>TL>£o 
[0 0 14] »*Ll^SHfi^ffiI=fet^T(*. R2T14B 

&1b*aa. flKb«ga. feckl/or-F efflj&^-cD^S 

[oo i 5] #*Li^stas^»fzfet^T. ttEBibaa 

14. &Btta>tt*Bfbtt£#^-ei^So 
[0 0 16] ■»*Ll^SB£^ffi(-fe^T. ffiEttSOHb 

tttt. F e3Bfc«fctf/*fclif F e23B6£4A/T?l*-5..* 
[OO 1 7] »*Ll**lt«©lzfctvt\ TOERtDfflJSi 

It*yl*9. OJli : P%&LTTrfe£o 
[0 0 18] »*Ll^lfeJgffi.[Cj3l\T* BUIER2T14 

oa<b$i*a(Z)tt**fci4ae*ic. buibr2 tmqs 

F e t§7b*#3St LTl^o 

[0 0 19] »*Ll*«M»|zfclvt\ WTE#ft»* 
14. ttg5 3 /ZmJaTG>»3fc£ 1 0 Jtt96fiLt£t?. 

[0 0 2 0] »*Ll^Safi*ll^i3^T. «TE**»3fc 
14. &S3 8 /f mKTCD»5K$5R*%JSl±*tr. 

[00 2 1 ] »*LL^tfi^ffi(=fel\TI4; BftHX^ 
[0 0 2 2] ff^LUUffi^ffiirfclNT. ftSffi3l36<lE 

[0023] »*Lu\*is»tti=fe^r. ifrESSffiS 

l4ftatf>o#"e&4. 

[0 0 2 4] »*Ll^*lfi»»lzi3L>r. ffiTESSffiS 
!4?^5£tf)^£T:fcSo 

[0025] »*Li*MS#«czj3Lvc. fifrESSffia 
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[0026] fes»*LL^tE^sii*te^T. muum 
[0027] *§tm\z&z>&m&AME<D&&*}£iz* 

(Fein Tb) 100-x-y-z QxRyMz ( T 14 C o 

RI4L a fccfcl/C e £HBftl^^$:l,N 1 a^L-tO 
^±SI£M7ciSL MI4T i % Z r % fccfcl/H f 

y . zfecktfm*^ ^ft'FtU 1 0<x^20l^%, 
6Sy<1 0]^%. 0. 1 ^z^l 2HC^%. fccfctf 

o<m^o. 5«»s-r4*fto)*atft«-r«xa 

[0028] »*Li^*l£^siicfeLvr. friB/<;K7« 

tDa»(*li, ttCM&%t5 0 0°CJaJi8 O 0°CJ2TF 
"l?iO»L£:j&<&. 1 OOMPa]a±800MPaOTO) 

[0 0 2 9] **^lCj:**fe<7)»K7lc^»5(7)lga*a 

Slit ££l#-f £ - 5 tt* tTZo 

[0030] tf£Li*xtttfBic&ivc« fiEia^w^ 

SttS^t^Illi, «FEfiMB{*£5 0 0°C^_h8 5 
0 6 CJ^T^f&L£:*tb. 5 OMP a)Ji±8 0 OMP a 

[003 1] 

j£&ti* (Fel-tnTm) 100-x-y-z Qx RyM Z -e^?g£;h<*> 

36>&a*?**xfc iafei±o)7c*. QiiBfecfci/c^&Jtc 

4»A^6»«*4lfciaJ21±(Z)7cfR. RI4Lafc£l/C 

e**JtftI=**3S:^iaiSl±a)«±S*JR7c*. MI4 
Ti, Zr, j3«fetfH f fr&£5»fr&»R*2h.fc*lR 

It'Wc Mffiit^x. y. z33*i;mI4. -t+t 

1 0<x^20lf%, 6 < y < 1 OJS^fHu 
0. I^z^l 2jf^%. fccfctf O^m^O.. 

[0032] *«w-ei4. /<;u^{*gjt<D«T£*S3fe-f 

rafc tiz^z>x^K^fkcD 9 o%ia±ir*r*i±si-r^ 



[0 0 3 3] JUT. ^*tt«5t**tta5l30L^T. 
[0034] [»*tt«5] *AKffiSG> 9 0 %JU±CD 

ti=*y«j»s*t*. fir, §*iMir{4. 3pjsegi 

0 nm£l±3 0 0 n mJSlTG) R2 T14 Qffi(Dtt5M>S!fc 
10 ^IC2fli*j}*gg[S 1 n m£L± 5 0 n mJUTOftttnHbtt 
49 (Fe3B^Fe23B6) A<«ffllC»tkLri^ffl«S- 

[0035] **»aa>5ftaii. >;uhxtf— >yflW> 

I*. 

[0 0 3 6] ±EG)SL^atl-«feoTft8StLfca^^* 

20 trli. T i JSM'L&^Sn* R2Tu QfiAffidSft 

Q^ a B a ffi^Qr-F e cty t,^5fe^lc4Jfai ■ J«:l£i±4C: 
[ 0 O 3 7 ] S^^<&f&»l4«&*©§J&< 5 0 0//mia 

5 0 j/mJaTdiBSTf 4d£# 

[0038] mn*±(DtottttitMto*ton&acft* 

r hv-rxa)jftfrsai:i6S-r*-^i:fr«fey. 53//m 

40 <I4. 3 8^/ mOTOfi^ ? 5 %ia±tt ^ - <!: 
[0 0 3 9] -5 LXm^tltz^7%^^(D^mt. 

a. KiHA^ffiai (aft : s o o°cia-t8 o o°cot, 

IE* : 100MP aiU±8 OOMP aJJlT) £gl*J\ 
[0 0 4 0] HtPBlJjt^atUTtt. *7 ^l/XOft, 

50 -r\ A»ttsttfti«tte«ar«isi« (?^§i on 
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mJ£l±3 0 0 nmJaTO)R2Tl4 Qft<D%LR J PE.%L&\Z 
l n mJa± 5 0 n m&TCDfe£$B{bfe*@Jb< 

COZtfrt* ^PaldtJ^^CD^gfi 5 0 0°C£L±8 O 0°C 

*?£Li^Sli. 6 O 0°C1^±7 8 0 o CJilTT*fe^ o 10 
[004 1] »HJ*fl2B*<DiDE;tj|*1 O OMP a &± 8 

OOMPaJ5lT©KHfcH8B-r*^4:3b<»*Ll^ *Di± 

MlOOMPaST@«t, iSJf2ftga*< 9 O %5fc3S 
OMP a£LL6 O OMP aklTT?fc£ e *ftqijCDftfttfl 

j*-eii. a*G)»js*^it«M«;L^fctf>. teaa^fi*it 
eoffi*ipi±3&<eaT?fe*. i: 1 of* 20 

[0 0 4 2] k*>\ *ft4©wat?fc5T i liSUHJiDEE 

fcft (Fe3B^Fe23B6) «ff-F e^ffttt4JB« 

WBf * z t ir^oTXA-Xlz^ L £ t co £#x 6*1 

Mi&fflf£(D3 »tt fcflHxfc fttt*cjft& 4 *i « c t iz 
£<, c^I^^l. t i £SJmLfti^ft»fifc-ei*. RftM 

[0 0 4 3] [R^ffiBffi] *»MI=«k***tt 40 

[0044] *-*\ ±E(D^*-efit^Lfc/^u^«a)tt 
*4fca&* zom&\z*iLT-$tofcJi&ttim'tZ> 0 lift 

slt, «to>aiE^f$](z»L-csitft^rifii-^o!)at5(Dffi 

tt - *»l*»*14-r. EEA*f*#Lftl\, C<D<fc?lzL 
THttSE^Sff 5 Id** Willi. *7>^l/X, #U5 
L, EM. ¥<<7vZfj£B. ^tzitm&^^tD^mcOl^ 
"fftSUfflL-CtAl,*. 50 



[0045] ±Eatttj^oftfttLtii, aaatso 

0°CJ*l±8 5 0°C&T<Z>ffigft|ZfS:gU E^3?50M 
P a£t±8 0 OMP a&LTO>mmte\zMm't%Zttftfr 

£Ll^o fctfL. fftBLai3«fc5*DE^ft51g^li. 91 

fcD-3-£I±2)£ 1 50MPa£l±1 500MPal^TOS 

■kbim- § z 1 3&<a* l i*. 

[0 0 4 6] «5(D»»fctt. Kft^— *>K£*rT4 
R2T14 Ql8**3^±ElBa^fillC»LTMtt*«ll= 
&&Wzf£g:?ZZt\z£^XS\£&Z2tLZ> 0 cfcygf 

fll=f*« R2Tl4Qtt*tt^J**f R2Tl4Q|g 

Stt3Si<JnE*iqiicSH3S:^fiia)aEftS»«li* *o R2 t 

[0 0 4 7] ftfe. R2T14 QSSSCD^^XA^KE 
81«tLrffSL»5 3 0 Onm^t^<^^ 

T. R2T14 Q*g»ttfl>J««f*. 

l5S7b<3 0 nmJil±3 O O n m£TFCD®@lZJlX3: £ £ 5 
CfctfS* LI*. «ky»*LL^R2Tl4 QffiOSp 
t&ffigf*5 0 nm]£l±2 5 O nml^TT'fe^o 

[0 0 4 8] &fc\ ttJMfa>*faa$«fcy»±«j:ta)i= 

<bftO)/^U^{tlZjElw 5 O 0°CfcLt8 5 0 o C)iLT(D : ^m 

[0049]'ffc; ittfctt* *ffi*»tt. «H»tttti\ 
[0 0 5 0] **WI^«fc«*A»5»*. tt*G)fift*» 

c»^«nmsiircj: y /<;u^<bLfc«5«fe y taMttt 
$^T^i§^. cfcy»«a:*s«&a"c3t»ttB*tt*»* 

Lrtas»i=»*ttsa«r*ct36«-c* 

[0 0 5 1 ] **wa>*^»5(caLT. a6o#ftif<0 

ffl«a^«E*»^»tHLrc< <. &^iS0^ft^}usy 

[0 0 5 2] [^&J«(DISSS*] Qli. -^(D^a^B 
(ffl^) A^6«J***i*36^ *fcli. Bfccfcl/C (K 
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Si) <D«**fri*-fr&«JifcS4x5. Q©81l:Jtt5C 

[0 0 5 3] Q<D^j£it^xjb<1 0il^%&TI:i££ 
ftftBt<Dft»aLKA< 1 0 2°c/#~i 0 5°C/g>Sg 

■ 4: 4<»«-r «Cfca6f«HW=<m. 

fc. a*A*ao>*-etia»ffl3&«ittttt5&t^ h y 

SLtL*5Ctl:S5. Q (DfSdUfc* x # 2 O 10 

Q CDffijStt* x 14 1 O0E7-96S&*.. 20HT%JaTi: 
<t«*5l=Il*-r*-i:3&«»*LL^ *y»*LL^*flt 

[0 0 5 4] RI4. »±S5c* (vm) o>R^&a 

-r*t. «a*j3*i/«»tt^si5ft-rftfc«>. Las* 20 

fi0>La^Ce (0. 5lI^%liiT) A^pTSWlwjlA 

I*. 0. 5^%iaT0)La-^Ce^^-r>5 

*&I4* L a-^C e £SMWlC**ftL^ l*5LS. 
[0 0 5 5] RI4. *y**W(rii % PrtfrliNdJ 

SJ£D y fccfctf/*fc(4T b-C^glLTi J: I*. R0>*& 

*tt»y*<*f*a>6a[^%*5»i=ft«t. 

£ e R<7)*&j£i£^y A<1 0j5T-%ia-tl=£:*£* 

si«ttt*-r a - f e ©rajfeMTF-r 

on^%*5ao>ffiB. fliLif. 7i^%ja±9. 5^ 

H(±7. 5j^T%mJL9. 3ST%lUT"r?fcy. mi>tti 
*Ll*R0>eBl4 8lK^P%J2Lt9. 0il^%UlT-efe 

-a) o 

[0 0 5 6] am*M5c*M!4. T i SMtLtfe 40 
y s 3ECIZ r fc£tf/3:f:r(4H f $ *A/"ei*T t &l\ 

t i 14. *ft»aa)a»+!=«atttfi£tt«ttfi«fcy t 
i". ««*HcJte«ti;aHfflt*aKBr(Z)fij±.fe«fci;sK 

H) max £fS]±$1±&f;:#K 2^aO)^7C^T* & S □ 

[0057] &m7zmMomf$.ttm z tf±&<n o . us 



O. 1 If %)iL± 1 2H^%iaTCDffig<h-f A<» 
£LU 0 * y#£Ll^z0>®S<DTISl4O. 5j|f%t' 

fey. <fcy»*Lt^z©KH(Z)±.iB(4 8. on^%-efc 

So Ml~#£Ll^z<DSB<7)JL|g{4 6. OUC^T'fe 

So 

[0 0 5 8] &tz. Q^ffij£ifc^x3b^lMo££\ Q (« 

Ll\> mttttl^te* z/x^o. v£RS$-fr-6«fc?i:: 

a*jt*si»»-r«-t3&«»*L<..z/xio. is 

[0 0 5 9] )S:fc\ T i l4WlcH*LL^«#*-r*fc 
A. ^S5c^MI4T i Ztti<&$;Ll^ 0 Z(D 

(4. 7 0%iil_h"Cfc^^<hA<^^L< . 9 0%kLL*Trfe 

[0060] Fel4. JiatDTC^CO^S^fi^ 
7b<. F e CD — dP^:C ofcJ:l/N i <7) 1 fS^fc(4~fl0)§i 

9&H5cX (t) -e«»LrtHfa(D«aft»tt«»* 

Z>t. O. 7 TUl±a>K^»a«*ffiaBrA<»?,*Lti: 
I*. ZCDtz&b. M^Ml40%ia_b5 0%JUT(D^S!zRg 

\Zl % R2 F e14 BflO+a'J- ^^lit^fcAs B 

^14A<fp]±1-4o coir«fc4Fe«ft«a>»*Li^l5H 

(40. 5%ia_L4 0%WTtfcl) o 
[0061]^ [SiaffiS] *5Bfl3lc J:«tJta*A«5l=. 

Ct*<-e#* D »®fflaicjt-p t T»fiES*L4«HIK!4. 

[0062] eq^is. ^smi4. (mstf>o£ 
ct^itK. ssffltflosstt. sasaijwtttif. 

[0 0 6 3] -b^5^^xtt»(DKl4, ^M^tl^tilc 
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[0064] mm\t. *«*#**ra*iBixT. nm 

[0 0 6 5] a^'JV^ffl (*>^>3L 

[0066] a*©*;*^**^*** (*») 

LTli. A U Z n . Ni, Cu. Fe. Co, S 
n, Pb. Au. A g J& E CDMflktt?-* S i 02. A 
I 2 03. Z r 02. MgO, T i 02. A^-T K ^£ > 

- W-7Xtft?) . T i N% A I N,- B Nk T i C, T 
iCN, T i B2ttif(D-tZ7 S^fifeSt^ tKUt" 

[0067] 3&33 % cti^oafiT-t/^u^ftasroa 
[oo6 8] /ou^»»^cD«®iz«ia^^@s-r^*- 

[0 0 6 9] «KHl±dt^±3Wy(D/<;u^tHS5(ctBrfc: 

WLiij\,zs<52xmm* »j>M^py— has. ^nAifi 
xvaaiatt £a>a*aMbj*fflais*if « - 1 a<-e# 

[0 0 7 0] ::t?*^(DT i a h 

&t&+<7>^±§l:7cfSt UlSlWlzliNd) (D&mmtffc^ 

[0071] mi^i*. /^u^ttaecDaffisa^ro^a 
Ttt<b-r* z t reck oxaaftji* ©KftK* j^fiE lt 



4; cfc L^e 

[0 0 7 2] ±i£LfcS®jBlS(±SS:ffl^'&t3i± 

[0 0 7 3] fcfc\ ftffiffi<BJ5Sli. SffltiSIAI 
±^©^-^!zfelt5«fttt*:^^^a^*-fr 

10 < % J:y»SL<!i2 OjumOT, L < I* 1 0 

[0 0 7 4] 

[MEM &T\ *JIW(DjlSfi«*K98-j-4. 

[0 0 7 5] (HtfetfM ) N d 9 F e 78. 7 BlO.3 T i lW 

^9 9. 5%1^-hCDB. Fe. Ti. Nd(D#*4£j3 
^Tj&:B*<7 O^A) fc£S«fc5l::ffjtL. SsS&o 
SrtirSALfco ccDS^^-^lSli. Jtasizi£So. 8 

^3 7. 5kP a (DTiUa >#@^TIwfelNT^J^;*6*n 

JftSSfBlvCfr-sfc. *^J£0>Jtrli5Sai^S$ 1 4 5 o 

[0 0 7 6] S&^T^CDtMffi&Z 6. 7kPa0Ar^ 
X-e^nEE-TSC tl^&^X* ^-'J37<X(DT^O. 7m 

i 

30 Ofc#>. ^»;-i7if ^^&S6TUfc*ft*5i!4P— 
40-1 50/im) (Dtem&W^^t \zfj:Z> 0 

[0077] *SJ£«-eSffl-r*ig|En-;u» (*p— 

40 ^> 0 *Ht6«-Cli. t'J7-fX$Eg0. 8mm. ^ 
EE^3 £26. 7 k P a % StT U— h 0 . 5 - 1 k g 
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